Mustard
Schwefel-Lost, S-lost, S mustard, sulphur mustard, sulphur mustard gas, yellow cross liquid, MG) was the main product. Also produced had been lewisite (chlorvinylarsine), diphenylcyanarsine (sneezing gas), hydrocyanic acid, phosgene, and chloracetophenone. This factory had a maximum ability to produce MG of 450 tons per month (Fig. 2). In the factory, most of the workers wore protective cloth and mask, but accidentally attached poison gases and repeatedly aspirated very small amounts of poisonous gas that could not be protected.
Many workers were suffering from acute injuries including erosion and bulla formation of skin, and acute inflammation of respi ratory tract1,2 (Fig. 3) . Furthermore, Iraq armed forces also began a major military offensive against the Kurds on August 25, 1988, and on the occa sion, MG gas was used in northern Iraq9.
Toxicodynamics and Experimental Animal Car cinogenicity Study of Mustard Gas
Chemical and physical properties of MG are described as follows; Chemical formula of MG is C4H8Cl2S (Fig. 4) . MG is colorless when pure, but normally a yellow oily liquid and forms prisms on cooling.
It has a slight garlic-type odor. Molecular weight is 159.1. Melting point is 13 figure 4 . In contrast to mustard gas, the genetic toxicology of lewisite has not been fully studied.
So far, there are no carcinogenicity, mutagenicity, and teratogenicity15.
As for animal carcinogenesis, nitrogen mus tard, methyl bis (2-chloroethyl) amine hydrochlor ide had been mainly used experimentally instead of MG, because of its similar action. However, there are a few animal experiments using MG. MG, when injected subcutaneously into strains C3H, C3Hf, and A mice, induced neoplasms at the site of injection, as well as nitrogen mustard, injected subcutaneously into C3H and C3Hf mice. The neoplasms occurring at the site of injection were reported to be 11 sarcomas including fibrosarcoma, neurogenic sarcoma, and rhabdomyosarcoma , 3 papillomas, one squamous cell carcinoma, one hemangioendothelioma, and one breast carcinoma.
Significant increase of lung tumors in C3H and C3Hf mice injected subcutaneously with nitrogen mustard compared with controls was reported16. Intravenous injection of MG to strain A mice resulted in significant increase of lung tumors, compared with the control17. Induction of skin malignancy in rat by chamber test has been also presumed that the cancer of respiratory tract among MG-exposed workers was induced by expo sure to MG and possible influence of smoking might be negligible19 (Table 1 ). In addition, it was reported that clinical symptoms of chronic bronchitis at heavily-MG-exposed workers were more severe than that at less-exposed workers and unexposed coworkers20, and 55.5% of these workers were suffering from chronic bronchitis21.
The latent period of lung cancer induced by exposure to MG was thought to be 10-33 years with an average of 22 years22. 3. There were 8 cases with multiple cancers (Table 2) . On the other hand, Makihara conducted a pathoanatomical study on chronic bronchitis in MG-exposed workers25. He observed multiple sections of tracheo-bronchial trees (19 sections from each cases) from 25 MG-exposed cases (in cluding 11 lung cancer cases and 14 non-lung cancer cases) and 53 non-MG-exposed cases (in cluding 13 lung cancer cases and 40 non-lung cancer cases). As the result, respiratory tracts in all of the MG-exposed cases showed pathological features of chronic bronchitis including bronchial gland hypertrophy, thickening of basement mem brane and inflammatory cell infiltration, conges tion, edema, fibrosis, and thickening of elastic and muscle layer in the lamina propria, and the degrees among MG-exposed cases were more intense than that of non-exposed cases. Inai et al. examined mucus glycoprotein of goblet cells in tracheo-bronchial epithelium of MG-exposed cases compared to non-MG-exposed ones 27. As the result, the proportion of case positive for PNA and SBA lectin binding in MG-exposed and/or lung cancer cases had a significant difference from non-MG-exposed non lung cancer cases. This observation suggested a large heterogeneity in oligosaccharide chains of mucus glycoprotein, which resulted from its incom plete or abnormal synthesis. This abnormality was most likely to be related to the previous exposure carcinogen, including MG.
Detection of Preneoplastic Lesion in Bronchial Epithelium
By the fact that MG-exposed cases have a high risk of lung cancer, it has been supposed that histological findings of various steps on pulmonary carcinogenesis can be observed on the bronchial epithelium of MG exposed cases. Therefore, Tokuoka et al. performed total histological obser vation of bronchial tree using step-cut sections28. Using 66 male autopsy cases, composed of the group of 19 MG-exposed cases with lung cancer (MGLC), 17 MG-exposed cases with no lung cancer (MGNLC), 10 non-MG-exposed cases with lung cancer (LC), and 20 non-MG-exposed cases with no lung cancer (NLC).
The tracheo bronchial tree from distal trachea to third branch was serially cut transversely every 3-4 mm and all of the sections were prepared for histological observation.
As the result, foci of moderate or severe atypical cellular lesions, that is, dysplasia, and carcinoma-in-situ (CIS) in total slides of each group, were counted as 146 in 3485 of MGLC, 72 in 2226 of MGNLC, 70 in 3797 of LC, and 18 in 4611 of NLC, respectively ( Table 3 ). The fre quency of moderate or severe dysplasia and CIS in MGLC was the highest, and on the comparison between MG and non-MG cases showed significantly higher frequency in MG cases. A multivariate analysis revealed a significant correla tion between the frequency of dysplasia and pres ence of MG-exposed history, though the frequency of dysplasia was also influenced significantly by age, smoking history, and pathological diagnosis of chronic bronchitis.
Furthermore, the fre quency of dysplasia was significantly higher in the cases of squamous cell carcinoma than those of other histological types, particularly small cell carcinoma. Also these foci of dysplasia were frequently observed around squamous cell carcinoma-in-situ and microinvasive squamous cell carcinoma29. Consequently, it was suggested that atypical cellular lesion (dysplasia) may be a preneoplastic lesion of squamous cell carcinoma. A histological study was also performed to examine various types of hyperplastic lesions in the tracheo-bronchial epithelium of MG-exposed cases, using the same sections mentioned above, selected from 10 MG-exposed cases with no lung cancer and 15 non-MG-exposed cases with no lung cancer. Hyperplastic lesions of the tracheo bronchial epithelium were divided into basal cell hyperplasia (polygonal cell type and spindle cell type), intermediated cell hyperplasia, and transi tional metaplasia.
In addition, two unique lesions, called as "intraepithelial cyst" and "flat unheaved columnar epithelial hyperplasia" by us, were observed. The frequency of all of these hyperplastic lesions in MG exposed cases with no lung cancer were significantly higher than that in non-MG-exposed cases with no lung cancer. One lesion called as "flat-unheaved columnar epithelial hyperplasia" was observed in the case of MG -exposed case with non-lung cancer. A similar Recently, research techniques on molecular biology have developed especially in the field of detection of abnormalities on oncogenes and sup pressor oncogenes.
The application of polymer ase chain reaction (PCR) method has made a great contribution to this advance, especially when ar chival paraffin embedded materials are used. Mutation of the p53 suppressor oncogene is known to be detected in approximately half of all human cancers 31. This allows comparison of the mutational spectra of various cancer type. In vitro studies have showed that chemicals can pro duce distinctive mutational spectra, suggesting ' fingerprinting' of genetic damage. Molecular epidemiological studies have generated hypothesis linking environmental carcinogen exposure to human cancer. For example, a mutational hot spot in the third base of codon 249 was detected in hepatocellular carcinoma which is observed in the specific area with high incidence of liver cancer. In that area, people are infected with hepatitis B viruses and are exposed to high levels of dietary aflatoxin B132,33. However, this type of mutation was uncommon in low-incidence areas where peo ple are exposed to low level of aflatoxin B1. A second example is the linkage between mutations at pyrimidine sites and UV radiation.
The char acteristics of p53 mutation at this type of damage have been found in human skin cancer34-36 . And it was reported that the mutational spectra at p53 gene of smoker's lung cancers were significantly different from those of non-smokers and probably related to carcinogens included in tobacco smoke31,37,38. These observations suggest that ana lyses of p53 gene mutational spectra provide us a clue to cancer etiology39-41. p53 gene mutation was analyzed on 12 pri mary lung cancers from MG-exposed cases at Okunojima and 12 lung cancers as controls. Genomic DNA was isolated from archival paraffin-embedded tissues. Exon 5-8 were amplified by PCR using p53-specific primers, and sequenced by dideoxy termination methods. Six out of 12 lung cancers from MG workers contained a total of eight somatic point mutations: two cases had double G:C to A:T transitions; one had a G:C to T:A transversion; one had an A:T to G:C transition; and two cases had single base deletions.
Four of six mutations occurred on the non-transcribed, DNA coding strand.
Out of 12 unexposed cases, there were six single base muta tions in six cancers, and no double mutations was noted. The p53 mutational frequency in the MG-exposed case was similar to that in the non exposed controls as well as the usual smoking related lung cancers reported previously. How ever, the distinctive double mutations (G:C to A: T transition) observed in two cases were unusual and might be related to exposure to MG42.
It has been elucidated that the process of carcinogenesis is highly related to the accumula tion of genetic abnormality.
From the fact that a number of preneoplastic epithelial lesion was observed in relation with exposure to MG, it is expected that a specific abnormality of gene exists in the preneoplastic lesions. The methods includ ed PCR-SSCP analysis and direct sequencing to detect p53 gene mutation and analysis of genomic instability using microsatellite polymorphism (CA repeat polymorphism) of 17p 13 and 3p21.3. As the result, a part of columnar cell hyperplasia and severe hyperplasia showed genomic instability, although p53 mutation could not be detected. These facts suggest that genetic abnormality may occur at the early stage of pulmonary car cinogenesis by MG (unpublished data).
Conclusion
By means of long-term clinical observation on former workers in MG factory at Okunojima, occurrence of lung cancer with significantly higher rate, especially squamous cell carcinoma and small cell carcinoma, was demonstrated. Histological observation of carcinogenetic process revealed the presence of a preneoplastic lesion. Furthermore, analysis of specific genetic changes related to expo sure to MG was performed.
The knowledge obtained from these studies should prove useful for understanding chemical carcinogenesis in human. 
